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ABSTRACT 


la  the  event  of  s  future  worW  conflict,  it  is  not  only 
possiole,  but  probable,  that  nuclear  weapons  will  be  ”sed. 

It  Is  imperative,  therefore,  that  the  U.  S.  Al'w.y  '•establish 
defensive  measures  of  all  types  against  nuclear  atcack. 

The  assigned  responsibilities  of  the  Corps  of  Kn^ineers  in 
the  field  of  water  supply  and  sanitation  require  that  special 
consideration  be  given  to  the  problems  associated  with  the 
lontami.nation  of  water  supplies.  It  is  mandatory  that  pota¬ 
ble  and  uncontaminated  water  be  furnished  Amy  troops  for 
drinking,  washing,  culinary,  bathing,  laundering,  and  de¬ 
hydrated-  food-  reconstitution  purposes.  To  meet  this  require¬ 
ment,  the  Corps  of  Engir.<3ers  has  conducted  a  continuing 
research  program  through  the  years  to  determine  effective 
methods  of  decontaminating  water  contaminated  with  radio¬ 
active  materials.  It  was  the  pm-pose  of  this  oOudy  to 
extend  the  state-of-the-art  to  areas  of  uncertainty,  or  to 
areas  in  which  little,  if  any,  data  were  available.  In 
particular,  the  objectives  of  Project  7.17  were  to  studj' 

(1)  the  solubility  of  radioactive  debris  in  water,  (2> 
emergency  methods  of  removing  radioactive  materials  from 
water,  (3)  field  methods  of  determining  the  concentration 
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PREFACE 


llua  study  was  sponsorttd  Jointly  b>  the  Defense  Atomic 
Support  agency  and  the  U»  S.  Corpo  of  ihgineer-:. 
Financing  was  accomplished  under  Corps  of  project 

8K75-05-001,  ta.sk  8hV5-05-001-07,  "Removal  of  CBk  Contami¬ 
nants  from  Water";  and  also  by  Office  of  Civil  Defense 
project  3103c,  "Use  of  Clay  Materials  for  Emergency  De¬ 
contamination  of  Water  Supplies." 

The  analysis  of  the  water  used  in  all  tests  was  fur¬ 
nished  by  the  U.  S.  Geological  Survey. 
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CHAPTER  1 
INTRODUCTION 


1.1  OBJECTIVES 

The  objectives  of  Project  7«17  were:  (1)  to  st-’^ly  the 
effect  of  pH,  temperature,  and  time  of  con+.a.?t  r-xin  the  sol¬ 
ubility  of  radioactive  bomb  debris  in  water;  (2)  to  y/aluate 
proposed  emergency  methods  of  removing  radioactiv®  materials 
from  water;  (3)  to  evaluate  Army  and  Civil  Defense  field 
type  methods  of  determining  the  concentration  of  radioactive 
materials  in  water;  and  (4)  to  evaluate  a  proposed  Amy 
squad  type  general  CBR  decontamination  method  for  reriwving 
radioactivity  from  water. 

1.2  BACKGROUJID 

The  assigned  responsibilities  of  the  U.  S.  Army  Corps 
of  Engineers  in  the  field  of  water  supply  and  sanitation  re¬ 
quire  that  special  consideration  be  given  to  thr  d»;ontaini- 
nation  problems  associated  with  the  use  of  r’lclei'T  weakens. 
It  is  mandatory  that  potable  and  -.tneontaminated  water  bt 
fumishod  in  the  field  for  drinking,  ;;a3hing,  culinary, 
bathing,  laundering,  and  dehydrated- food-recoiistituticn 
purposes.  To  meet  this  requirement,  the  Corps  of  Engineers 
established  Research  and  Development  Project  "Removal  of 
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CBR  Contaminnnts  from  Water,"  currently  designated  Task 
8I'!75-05-001-.07.  Most  of  the  initial  research  was  accom¬ 
plished  at  the  Sanitaiy  Sciences  Branch  Test  Station  at  the 
Oak  Ridge  ''ational  Laboratory  (CRNL),  operational  from  1950 
to  1957*  At  ORIJL,  numerous  decontamination  experi'^ents  were 
conducted  using  reactor-produced  mixed  fission  products  and 
a  wide  variety  of  individual  i-adioisotopes.  Some  limitations 
were  placed  on  this  work,  however,  stnce  true  bomb  t.ebris  or 
fallout  probably  differs  appreciably  from  the  rea*' or-produced 
materials  actually  used.  Radiological  decontarui.i-  tion  work 
was  also  conducted  with  the  cooperation  of  the  Atomic  Cinergy 
Conndssion  (AEG)  and  the  Defense  Atomic  Support  Agency  (DA£A) 
at  the  Nevada  Test  Site  (NTS)  under  Operations  Buster,  Jangle, 
and  Plumbbob,  and  witii  the  radioactive  material  obtained 
from  Hardtack  II,  Formal  U.  S.  Army  Engineer  Reseai*ch  and 
Development  Laboratories  (fSAERDL)  reports  1275,  1313»  1357, 
1396,  1404,  1406,  1451,  1492,  I569,  I6I3,  I673,  and  1702 
were  written  covering  the  results  of  the  studies.  A  synopsis 
of  each  of  these  reports,  plus  availability  at  the  Anijed. 
Services  Technical  IrJ'ormation  Agency  and  the  nfiio«^,  of 
TechnicaJ  Services  is  given  in  the  Appendix.  The  results 


obtained  under  Buster  and  Jangle  are  crr.tained  in  DASA 
reports  under  these  operations.  Certain  areas,  where  only  limited 

information  is  presently  available,  still  needed  investigation;  These 
were:  (1)  SolublUfy  of  nuclear  bomb  debris  in  water,  (2)  Emergency 
methods  of  water  decontamination,  (3)  Field  type  water  monitoring, 
and  (4)  Efficacy  of  a  proposed  CBR  squad-type  water  purification 

method  of  removing  rsdloaiive  materials  from  water. 
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CHAPTER  2 

PROCEDURE  AND  RESULTS  ' 

/ 

2.1  SOIL  SAMPLING 

Radioactive  debris  for  the  study  was  ofctr;'  ----4  from 
each  of  four  nuclear  bursts.  ,  The  technique  of  obtaining 
the  debris  was  as  follows: 

Little  Feller  H.  Detonated  7  July  1962.  Soil  sample 
taken  from  center  of  crater  12  July  1962. 

Johnie  Boy.  Detonated  11  July  I962.  Soil  sample 
taken  from  surface  of  ground  at  lOr/hour  line  12  July  1962, 

Small  Boy,  Detonated  14  July  1962.  Soil  sample 
scraped  from  surface  of  ground  at  lOlr/hour  line  18  July  1962. 

Little  Feller  I.  Detonated  1?  July  1962.  Soil  sample 
taken  from  center  of  crater  19  July  1962, 

In  each  instance,  the  soil  sample  was  remcvo'J  tj  an 
area  of  low  radiation  and  sieved  through  a  U.  S.  Standard 
sieve  number  40,  The  coarse  fraction  was  rejected,  and 
the  fine  fraction  retained  in  rample  bottles,  for  use. 

The  sample  bottles  were  stored  in  a  locked  magazine 
(Figure  2.1),  The  specific  activity  of  each  sample 
was  determined  as  a  function  of  time  (Figure  2.2). 


IS 


2.2  GE^^rJ^AL 


The  experimental  work  under  this  project  was  conducted 
in  the  vicinity  of  the  AEC-operated  Radiological  Safety 
Decontamination  Station  in  the  mountain  pass  between  French¬ 
man  and  Yucca  Flats,  NTS.  Figure  2.3  is  an  c’-erall  photo¬ 
graphic  view  of  the  test  installation.  The  ij;st«  i  lation 
consisted  primarily  of  a  Mobile  Chemical  Laboratory  and  a 
Mobile  Radiac  Laboratory. 

All  chemical  tests  and  Jar  test  8aq»riments  were  con¬ 
ducted  in  the  Chemical  Laboratory,  and  all  counting  was 
conducted  in  the  Radiac  Laboratory.  Roth  laboratories  were 
electrified  by  means  of  a  hook-up  to  the  local  power  system. 
In  addition,,  the  Chemical  Laboratory  was  provided  with 
domestic  fresh  water.  The  waste  line  from  the  sink  in  the 
Chemical  Laboratory  drained  into  a  retention  pond  receiving 
nin-off  from  the  AEC  decontamination  pad. 

San^sle  preparation  wsis  accon^ilished  by  evaporati.o>’  to 
dryness  under  an  infra-red  lamp  of  an  appropri.: '.u  volume 
of  sample  water  In  a  planchet.  The  residue  in  the  planchet 
was  counted  by  placing  the  planchet  into  the  top  shelf  of 
a  Nuclear-Chicago  shield  containing  a  Model  DS-5  anthracene 
crystal  beta  detector  connected  to  a  Model  I5IA  Decade 
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Scaler  (Figure  2.4).  The  geometry  of  the  instrument  was 
established  at  7.1  percent^ with  a  standard  thallium-204 
solution. 

The  general  area  backgrourd  was  monitored  continuously 
by  means  of  a  Nuclear-Chicago  Model  DS-5  sodium  iodide 
(thallium  activated)  gamma  scintillation  detecVr  f*onnected 
to  a  Model  1620  Count  Rate  Meter  and  a  Texas  Ii.  ;  ';rument 
continuously  recording  Recti/riter  (Figure  2.3;  -. 

«- 

2.3  SOIL  SOLUBILITY 

The  water  used  for  conducting  the  soil  solubility 
studies,  and  all  subsequent  studies,  had  the  analysis  shown 
in  Table  2.1.  The  water  had  a  total  dissolved  solid  con¬ 
tent  of  254  ppa.  It  was  high  in  silica  (76  PE®)*  The 
principal  cations  were  sodium  (39  ppn>)»  calcium  (20  ppm), 
and  magnesium  (11  ppm).  The  {Trincipal  anions  were  bi¬ 
carbonate  (189  ppm)  and  sulfate  (23  ppm).  It  low  in 
chlorides  (6,5  ppm).  The  beta  radiological  activity  was 
12  pc/llter. 

The  procedures  for  conducting  the  soil  solubilitj 
studies  are  given  in  Tables  2.2  throus^  2.7.  The  results  are 
also  given  in  Tables  2.2  through  2.7. 


2.4  CIVIL  DEFENSE  WATER  DECONTAMIMATIOK 


The  procedures  for  conducting  the  Civil  Defense  water 
decontamination  studies  are  given  in  Tables  2.6  thr'vagh  2.15. 
The  equipment  used  in  the  Flower  Pot  Procedure  is  shown 
in  Figure  2.6.  An  exploded  view  of  a  flower  pot  set-up 
is  shown  in  Figure  2.7.  The  oquipc.tjnt  used  in  the  Paper 
procedure  is  shown  in  Figure  2.8. 

The  results  of  these  studies  are  given  in  TaLles  2.8 
throu^  2.15. 

2.5  FIELD  DETECTION 

The  procedures  for  conducting  the  field  detection 
studies  are  given  in  Tables  2.16  throuj^  2.18.  Figure  2.9  shows 
the  IM-141/PDR-27J  Radiacmeter  in  use.  Figure  2.10  shows 
the  CDV-700  meter  in  use. 

The  results  of  the  field  detection  studies  are  alao 
given  in  Tables  2.18  through  2.18. 

2.6  CBR  SQUAD  IEC0NTA.MIMATI0N 
The  procedure  for  conducting  the  CBR  squad  decontanira- 

tion  is  given  in  Table  2.19.  Figure  2.11  shows  the  CSR 
squad  decontamination  equipment. 

The  results  of  the  CBR  squad  decontamination  study  are 

given  in  Table  2,19. 

i 
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TABLE  2.1  WATER  ANALYSIS,  WELI.  3,  NTS 

Sample  Collected  19  Decenbt:.  1961 


Chemical  Components 


Silica  (SiOj  ) 

Alundnum  (Al) 

Iron  (Fe) 

Manganese  (Mn) 

Calcium  (Ca) 

Magnesium  (Mg) 

Sodium  (Ka) 

Potassium  (K) 

Uthium  (Li) 

Bicarbonate  (HCO^)  189 
Carbonate  (CO3)  0 

Sulfate  (SOi^) 

Chloride  ( Cl) 

Fluoride  (F) 

Nitrate  (MO3) 

Phosphate  (FO|j) 


PPM 

76 

0.27 

0,00 

0.00 

20 

11 

39 

7,6 

0,00 


23 
6.5 
0.9 
7. It 
0.12 


Physical  Cliaracteristics 
and  computed  values  _ 


Dissolved  solids  (ppm) 

Res.  on  evap.  ('vCr’c)  2Sh 


Calculated 

Hardness  (CaC0-j)(ppm) 
Total 

Non-carbonate 

Specific  Conductance 
(Pmhos  at  25° C) 

pH 


285 

95 

0 

376 

7.5 


RadiocKemical  Data 

Beta  activity  (pc/ 1 ) 
as  of  3/22/62  12  i  2 

Strontium  90  (pc/i  )  <  0»U 
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2.2  SOLUBILm  0?  LITTLS  FELLER  II  DEBRIS  AS  A 
RDICTION  OF  PH,  RTO  NO.  1  (24  July  1962) 


Procedure ; 

1.  Add  70  grams  Little  Feller  II  debris  (17  days 
old,  specific  activity  45  uc/gram)  t<,  75  liters 
of  water  in  11-gallon  -^jlastic  drum.  /^:itate. 

2.  Add  600  ml  of  the  suspension  to  each  o,t  ,, 
1000-ml  beakers. 

3*  Agitate,  and  add  the  following:  (1)  beaker  1, 

1  ml  cone,  hydrochloric  acid,  (2)  beaker  2, 

0.2  ml  cone,  hj’drochloric  acid,  (3)  beaker 
3,  nothing,  and  (4)  beaker  4,  20  ml  n/10  NaOH 
solution. 

4.  stir  for  1  hour  at  high  speed. 

5.  Sample  suspensions,  filter  through  ’,^^hatman 
paper,  and  check  filtrate  for  pH,  alkalinity, 
hardness,  and  radioactivity  count. 


Radiological  Data 


Beaker 

RaQio^c^ivlty  Concentration 

Perceni 
Solubili ty 

Suspension 

<pc/l) 

Filtrate 

(pc/1) 

1 

90,000,000 

4,600,000 

:.i 

2 

90,000,000 

3,600,000 

4.0 

3 

90,000,000 

6,300,000 

7.0 

4 

90,000,000 

3,600,000 

^'.0 

Chemical  D2ta 

BeaKer 

PH 

Alkalinity 

Hardness 

(PPs) 

(ppm) 

1 

i.l 

IHJT! 

- TjF^ 

2 

3.5 

-14 

108 

3 

8.4 

163 

103 

4 

10.0 

300 

66 

* 

a 

V- 

r 

»• 

I  20 


;  ,J  ,  ,.„ 


‘fi  *r*ii^ilil''li'i^iiiiia1ttiH''jiiiT[^ijhaif^<MlfB' 
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TABLE  2.3  SOLUBILITY  OF  JOKNIE  BOY  DEBRIS  A  FUNCTION 
OF  KU,  RUN  NO.  2  (25  JULY  19^2) 


Procedure; 

Same  as  run  number  1  (see  T^blo  2.2),  j.y.'irle  Boy 
debris  14  days  old,  specific  activity  5*2  oc/grar- 

Radiological  Data 


Beaker 

Radioactj-vity  Concentration 
Suspension  Filtrate 

<pcA)-  _ Jpc/i) _ 

Percent 

Solubility 

1 

10,000,000 

550,000 

5.5 

2 

10,000,000 

460,000 

4.6 

3 

10,000,000 

340,000 

3.4 

4 

10,000,000 

260,000 

2.6 

Chemical  Data 

Beaker 

pH 

Alkalinity 

(pr»n) 

hardness 

(ppm) 

1 

2.1 

-859 

14? 

2 

4.5 

4 

136 

3 

8.5 

174 

1(>+ 

4 

10.1 

298 

55 

21 
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TABLE  2.4  SOL'BILITY  OF  SMALL  BOY  DEBRIS  AS  A  FUNCTIOM  OF 
PH,  RUN  NO.  3  (26  JULY  1962) 


Procedure: 

Same  as  run  number  1  (see  Table  2.2).  Small  Boy 
debris  12  days  old,  specific  activity  22  (ic/uram. 


Beaker 


Radiological  Data 
adioactivity  Concentration 
Suspension  Ji-ltrat 

(pc/i)  _ ICWU 


rei'-cent 

I'lubillty 


1 

44,000,000 

3,&C^,000 

8,2 

2 

44,000,000 

I 

2,000,000 

4.6 

3 

44,000,000 

2,200,000 

5.0 

4 

44,000,000 

1,700,000 

3.9 

Chemical  Data 
Alkalir 
(ptn  Ca 


tiardness 
?pm  CaCO^) 


1 

2.4 

-342# 

;.Q2 

2 

8.2 

94 

i:41 

3 

8.6 

183 

114 

4 

10.0 

42 

I  ’  ' 

iSljjii'LlifeijLii'"  _ _ _ ;^4.« 


TABLE  2.5  SOLUBILITY  OF  LITTLE  FELLER  I  DEBrilS  AS  A 
FUNCTION  OF  PH,  RUN  NO.  k  (26  JULY  1962) 


Procedure ; 

Same  as  run  number  1  (see  Table  2.2),  excc;T.  sepa¬ 
rate  1.2  gram  quantities  of  debris  were  weighed  uireotly 
into  each  beaRer  (specific  activity  of  9  day  olr;  Little 
Feller  I  debris;  45  Mc/gram). 


Radiological  Data 


{Weaker'  Ftadioactivlty  Concentration  Percent 

Suspension  Filtrate  Solubility 

_ (pc/1)  _  (pc/1) _ 


1 

90,000,000 

13,000,000 

14 

2 

90,000,000 

9,900,000 

11 

3 

90,000,000 

12,000,000 

13 

4 

90,000,000 

8,300,000 

9 

Chemical  Data 


Beaker 

- pH 

Alkalinity 
(ppm  CaCO'.) 

'’■■'.rdr.e3s 
(ppm  CaCO^; 

1 

2.1 

-181 

194 

2 

6.5 

20 

154 

3 

8.5 

178 

105 

4 

10.0 

240 

60 

23 


TABLE  2.7  SOLUBILITy  OF  S51ALL  BOY  BEBRIS  AS  A  FiraCTION 
OF  TEMPERATURE,  RUN  NO.  6  (2?  JUL'f  1962) 


Procedure; 

1.  Weigh  out  three  1.2-grain  po>^icris  of  debris. 

2.  Add  oOO  ml  tap  water  to  each  of  thi'ee  V-‘00-al 
beakers. 

3.  Chill  beaker  1  in  ice  bath;  maintalr:  'r.;aker 
2  at  room  temperature;  and  heat  beaker  3  to 
boiling  point. 

4.  stabilize  temperatures,  add  debris  to  each 
beaker,  and  stir  for  1  hour. 

5.  Sample,  centrifuge,  and  count  supernatant. 

Radiological  Data 


Beaker  Water  tedioactivity  Coneentration  Percent 


Temperature 

('F) 

^uspensioti 

(pc/l) 

centrifugate 

(pc/l) 

Solubility 

1 

36 

iU*, 000,000 

1,900,00c 

'+.3 

2 

79 

Wi, 000, 000 

2,200,000 

5.0 

3 

212 

i»L,000,COO 

3,000,000 

6.8 

pro  duo  1  -.or  voltno  0)llectl.on  tine,  pH,  turtldltj-,  oardness,  nlkO.mlty  ..td  acti-/ity 


Paaang  second  filtrate  of  Test  Ntuabcr  2  thru  household  steam  Iron  water  treatment  unit  gave  a  total 
activity  iTeraovtl  c'’  percent* 


SOTEi  in  nwsrag*  r«aioT»l  of  37  ,«ri-<int  wits  ootsinsd  with  the  psper  procsdurs  with  soli  addlti-ni  (1000  pp»i  Belvolr 
(Tsbls  n.9). 


I 


TABLE  2.16  FIELD  DETECtlON  VTTTH  IM-l4l/rDR-27J  RADIACMETER, 
RUN  NO.  15  (27  JULY  1962) 


Procedure: 

1.  Add  1000- ,  100- ,  and  l-gram  quantities  of  Small 
Boy  debris  (I3  days  old,  specific  activity  22 
Uc/gran)  to  each  of  four  20-gallon  pla::tic 
drums  containing  5^  liters  of  tap  water. 

2.  Agitate. 

3.  Leave  beta  shield  of  IM-141/PI®-27J 
meter  intact  and  cover  the  entire  pi^3b~ 
assembly  with  a  rubber  surgeon's  glove.  Wrap 
and  tape  the  loose  fingers  of  the  glov;  ai^jund 
the  probe  to  give  a  neat  appearance.  Insert 
sheathed  probe  vertically  into  water.  Take 
reading  in  nir/hr. 


Time  After 
Detonation 
(days) 


E-!-14i/fdR-27J 

Reading 

(mr/hr) 


Concentration  of 
Radioactivity 
_ (pc/1) 


13 

0.2 

440,000 

13 

1.0 

4,400,000 

13 

15. 

44,000,000 

13 

72. 

440,000,000 

17 

0.15 

;?o,ooo 

17 

0.6 

3,200,000 

17 

9. 

32,000,000 

17 

40. 

320,000,000 

U.  S.  Ai^  emergency  maximum  permissible  concentra- 
tion  of  radioactive  material  in  drinking  water  fcr 
l-year  consumption;  ‘}00,000  pc/l. 
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TABI£  2.19  USE  OF  SQUAD  CSR  tECOOTAI'lINATION  PROCEDURE 
FOR  REMOVAL  OF  NUCLEAR  DEBRIS  FROM  WATER, 
RUN  NO.  18  {1  AUGUST  1962) 


Procedure; 

1.  Fill  Lyster  bag  to  36  gallon  mark  vdth  water. 

Water  san^sle  analysis;  pH  7.9»  alkalinity  I60 
ppn,  hardness  104-  ppm,  temperature  56''F. 

2.  Add  273  grams  Little  Feller  I  soil  to  water 
(2000  ppm,  specific  activity  23  Mc/  2^*^^  '  t 
Agitate  for  I/2  hour.  Tur-bidity  200  ppm. 

Water  sample  analysis  after  centrifugation! 
pH  8.2,  alkalinity  112  ppm,  hardness  166 

3.  Add  20  grams  70-percent  strength  calcium  hypo- 
.  chlorite  (100  ppn  available  chlorine).  Agitate 

for  30  minutes. 

4.  Add  82  grams  activated  carbon  nuchar  C-115  (6OO 
ppm).  Agitate  for  45  minutes. 

5«  Add  28  grams  powdered  limestone  (200  ppm)  and  21 
grams  ferric  chloride  (I50  ppm).  Give  5  minutes 
fast  mix  and  5  minutes  slow  mix,  and  settle  1  hour. 

6.  Take  sample.  Note;  Supernatant  very  clear. 

Water  temple  analysis;  pH  6.2,  alkalinity  5^ 
ppn,  hardness  228  ppm. 

7.  Filter  supernatant  through  Set  No.  1.  Collcc.! 

20  liters  filtrate.  Filtrate  water  anaiysj.s- 
pH  6.2,  a.ij<alinity  40  ppm,  hardness  224  pun. 

8.  Pass  filtrate  through  mixed  bed  ion  exchanger. 

Final  effluent  analysis;  0.1  ppm  TDS  UiCl) 

9.  Chlorinate  effluent  from  mdxed  bed  ion  exchanger 
to  2  ppn  residual.  (Fiairhed  product  was  used 
for  drinking  purposes  by  a  nerixi'r  of  the  test 
team.) 
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Figure  2.3  Oirerall  view  of  lest  installation,  Nevada  Test  Site.  (ERDL  Photo  J-11107) 


Figure  2.5  System  for  continuously  recording  gamma  background  (on  left,  Nuclear- 
Chicago  Model  DS-5  sodium  iodide  detector;  center,  Nuclear-Chicago  Model  1620 
count  rate  meter;  on  right,  Texas  Listrument  Recti /riter).  (ERDL  Photo  J-11108) 


Flower  pot  procedure  equlpnient  used  in  Civil  Defense  water  decontamination 


rr^'i  .■jWiKsisv  V  i '  as  rjnrw  m 


srCTs" V  :  ■:4.,. 


fer  -'f'  / 


..■I'-- 


V";  '4  fv. 


feas¥f;f-;'%'l^^^^':':-:^ 

r  -'^-v>  jV’«'''' 

,ii  i. 
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Figure  2. ;  Exploded  view  of  flower  pot  procedure  setup  used  in  Civil 
Defease  water  decontamination  studies.  (ERDL  Photo  J-11114) 


Figure  2.8  Paper  procedure  equipment  used  in  Civil  Defense  water 
decontamination  studies.  (ERDL  Photo  J-11113) 


-;V;| W5i^.tSwV A'  A  n'c  > 


Figure  2.10  CDV-700  beta-gamma  survey  meter  Ir.  use  for  determln 
acceptability  of  radloactively  contaminated  Watir  on  a  go-no-go  oasli 
for  10-day  consumption.  (ERDL  Photo  J-11115) 


Figure  2.11  Equipment  used  for  squad  method  of  purif3dng  water 
contaminated  with  CBR  materials.  (ERDL  Photo  J-11109) 


CHAPTS-'.R  3 


DISCUSSION 

In  reg^ird  to  the  solubility  of  nuclcai-  debris  in  water 
it  was  found  the  material  was  soluble  in  the  i-.ge  of 
3  to  14  percent.  The  soluble  portion  dissolved  w-y  quickly 
and  was  essentially  unaffected  by  prolonged  contact.  In 
the  test  on  Small  Boy  soil,  the  material  was  5.5  percent 
soluble  in  one  minute  (in  regard  to  its  radioactive  com¬ 
ponent)  and  only  5*9  percent  soluble  after  24  hours. 
Temperature  had  only  a  small  effect  on  solubility.  Small 
Boy  soil  was  4,3  percent  soluble  at  36°F  (1  hour  contact) 
and  6.8  percent  soluble  at  212'F  (1  hour  contact).  The  pll 
had  surprisingly  little  effect  on  the  solubility^  although 
there  was  a  trend  toward  higher  solubil  ity  in  acidL>, 
solution.  Tnis  was  most  pronounced  for  the  sell  .‘'''.ui 
Little  Feller  I,  where  the  solubility  went  lU'om  9  percent 
at  pH  10  to  14  percent  at  uH  2.1.  The  results  of  all 
solubility  tests  would  indicate  *>'pt  there  is  a  surface 
coating  of  activity  on  the  soil  particles  which  goes  very 
quickly  into  solution,  essentially  independent  of  pH, 
temperature,  or  time  of  contact.  The  radioactivity  on  tho 
inside  of  the  particle,  due  to  melting  and  solidification 
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of  the  soil  during  the  fire-ball  period,  or  due  to  in  situ 
neutron  activation,  is  not  soluble. 

In  further  discussion  of  this  solubility  characteristic 
of  nuclear  debris  in  water,  it  is  noted  tliSt  the  effective¬ 
ness  of  current  Corps  of  Engineers  water  purificatior  equip¬ 
ment  in  removing  radioactive  contaminants  frcir.  is 

directly  dependent  upon  this  factor.  Engineer  equipment 
utilizes  the  processes  of  coagulation  and  filtra+/  on,  which 
are  designed  to  remove  suspended  natter;  theref ore , , if 
radioactive  substances  are  present  in  the  form  of  turbidity, 
the  removal  is  essentially  complete.  A  much  greater  problem 
is  encountered  when  the  radioactive  contaminant  is  in  true 
solution.  In  general,  dissolved  radioisotopes  are  difficult 
to  remove  from  water  by  coagulation  and  filtration.  The 
most  effective  method  of  removing  dissolved  radioisotopes 
is  by  the  ion  exchange  process.  The  Corps  of  Engineei  a  lias 
under  development  a  mobile  ion  exchange  unit  for  in-s-uies 
operation  with  the  coagulation-filtration  equipment. 

The  results  of  this  study  indicate  that  there  be 
appreciable  soluble  contaminatior  of  radioactive  nucleai- 
debris  in  water,  above  maximvim  permissible  concentration, 
and  that  the  develcpment  of  the  mobile  ion  exchange  unit 
slwuld  be  expedited. 


>• 
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Th^  emergency  or  Civil  Defense  decontamiaition  results 
indicate  that  the  Flower  Pot  Procedure  is  capable  of  re¬ 
moving  92.7  to  ^Q.6  percent  radioactivity  in  water.  If  the 


effluent  is  clear,  a  subsequent  m'ixed  bed  ion  exchange 
treatment  will  remove  the  remaining  activity.  The  Cl*, 'll 
Deferise  Paper  Procedure  removed  from  S8  tc  *9  ;  ^rcent  of 
the  activity  in  the  water.  A  commerxiial  diatonace^i’s  'silica 
candle  type  device  removed  from  96  to  97  percent  -f  the 
activity  from  the  water.  A.  commercial  batch  treatment 
device  containing  activated  resin-carbon  granules  removed 
from  99.6  to  99.9  t)ercent  of  the  activity.  The  U,  £,  Army 
knapsack  filter  removed  76  percent  of  the  activity. 

Tn  evaluating  these  results,  it  is  noted  that  the 
choice  of  a  water  supply  for  a  survival  shelter  for  Civil 
Defense  use  must  be  based  on  ncunerous  factors,  including  the 
capacity  of  the  shelter,  the  length  of  the  emergency,  aid 
the  availability  of  water  locally.  It  is  conceivunln  that 
some  shelters  could  be  built  without  providing  for  local 
water  supply.  Such  shelters  would  be  serviceable  ii;  pro¬ 
tecting  against  blast,  heat,  and  prompt  radiation  but 
would  provide  only  limited  utility  as  fallout  shelters. 

Man’s  ability  to  survix’s  without  water  is  quite  limited, 
and  the  use  of  shelters  without  some  pro'vision  for  water 
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should  probably  be  restricted  to  periods  of  no  greater  than 
3  days,  [n  consideration  of  the  cost  of  any  formal  shelter^ 
it  is  probably  unrealistic  to  build  any  shelter  without  pro¬ 
viding  for  some  means  of  water  supply.  Such  means  could  be 
bulk  storage,  carjied  water,  ground  water,  or  the  provision 


of  a  means  for  purifying  surface  water,  such  as  cvolined  in 
this  report. 

The  results  on  field  detection  indicated  that  either 
the  IH-1W1/PDR-27J  Radiacmeter  or  the  CDV-700  can  be  used 
satisfactorily  for  their  purpose.  The  meters  are  responsive 
to  changJs  of  concentration  of  radioactivity  in  water. 

i 

However,  [the  method  is  inoperative  in  a  high  radiation  flald. 

Tlie  Corp^  of  Engineers  has  a  requirement  for  a  method  of 

j 

this  typd  that  is  simple,  rapid,  and  reasonably  accurate. 

This  is  tiecessary  to  establish  proper  water  treatment 

) 

procedures  at  Engineer  water  points  and  to  assist  in  the 

i 

control  df  continuous  operation  methods. 

i 

Detection  of  the  concentration  of  ra&lolc«xoal  materials 

in  water  li--,,  of  course,  directl.v  related  to  the  allc-i-ahle 

i 

I 

Maocimun  Jermissible  Concentrations  (wPC's)  in  water.  The 
HPC  established  by  the  H.  s»  Army  is  shown  below,  along 
with  other  significant  MFC’s  for  comparative  purposes: 


Item 


LLTccime  Maximum  Permissible 
Concentration  (National  B’Jireau 
of  Standard  Handbook  69) 

CX3D  Recommended  Acceptable  Maximum 
Permissible  Concentration  for 
30-day  consumption 
OCD  Recommended  Acceptable  Maximum 
Permissible  Coi^entration  for 
10-day  consumption 
IJ.  S.  Army  Emergency  Maximum 
Permissible  Concentration  for 
1-year  consumption 


Radioactivity 
(Concentration 
(picocuries 
par  liter) 

100 


^jO-’-'uOjOOO 


90,000,000 


300,000 


In  reference  to  the  Army  tolerance,  individual  vailations 
In  the  amount  of  wat'?~  consimed  do  not  change  the  value 
and  for  greater  or  lesser  periods  of  consumption  tl.s 
value  may  be  adjusted  proportionally  in  icoordance  wit>j 
the  time  involved. 

Two  C^vil  Defense  home  expedient  methods  of  reaming 
radioactive  materials  from  water  are  satisfactory.  One 
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procedure,  utilizing  a  filter  made  of  a  flower-pot  or  com¬ 
parable  container,  toilet  tissue,  a  piece  of  screening  and 
a  column  of  subsoil  5  deep,  removed  from  93  to  99  percent 
of  the  radioactivity  fron  contaminated  water.  ^  second 
nwioed'i'-e,  based  on  the  use  of  toilet  tissue  as  a  filter 
aid  and  filtration  through  a  household  sieve  lined  with  a 
paper  towel,  removed  88  to  89  percent  of  radioactf.'dty 
from  similarly  contaminated  water,  k  simplifietl  -  rriation 
of  Inis  latter  procedure  produced  a  removal  of  c  percent. 
Various  household  materials  such  as  vermiculite,  peat  moss, 
aquarium  sand,  and  cereal  were  evaluated  as  filter  media 
but  gave  inferior  results  for  clarification  and  activity 
removal  compared  with  a  subsoil  coliaitn.  Small,  portable 
water  treating  devices  investigated  for  activity  removal 
proved  that  the  process  utilizing  activated  carbon-ion 
exchange  granules  followed  by  filtration  gave  the  best 
results.  All  devices  which  effectively  removed  tui'bidity 
effectively  removed  radioactivity.  All  methods  of  <.ivil 
defense  significance  showed  even  higher  removal  of 
activity  by  the  utilization  of  a  post  ion  exch:  tlge  treat¬ 
ment,  such  as  by  a  home  type  steam  irrr  deminer^izer. 
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'iquipnent  available  far  providing  water  for  the  in¬ 
dividual  or  squad  is  inxended  pritiiaid.ly  for  emergency 
treatment  of  fresh  water  supplies  when  it  is  impossible 
to  obtain  water  from  Corps  of  Engineers  water  p^^^duction 
units.  If  raw  water  sources  are  contaminated  with  C3R 
agents,  hcv.'ever,  the  first  alternative  is  to  at+empt  to 
find  an  uncontamt rated  source.  This  may  be  dix'ioult  in 
view  of  certain  military  situations,  especially  where 
largo  areas  may  be  contaminated.  In  this  case,  contaminated 
water  must  be  subjected  to  decontamination  procedures.  As 
normally  practiced,  raw  water  from  a  fresh  water  source 
is  disinfected  in  the  canteen  with  FSN  6850-264-5904, 

Tablet,  Water  Purification  Individual  (commonly  known 
as  globaline,  chemicaLly  known  as  tetraglycine  hj/dro- 
periodide).  Although  this  glooaline-canteen  procedure 
would  be  of  definite  benefit  in  chem.ical  and  biological 
agent  decontamination,  it  would  be  of  no  value  in  .'amoving 
radiological  material  from  water.  Sustained  ’.■oilung  of 
water  by  the  individual  soldier  would  kill  «il  micro¬ 
organisms  but  would  probably  bo  of  little  value  in  ro- 
moving  or  destroying  chemical  agents  and  of  no  value  in 
destroying  radiological  agents  in  water.  In  fact,  boilirg 
could  actually  concentrate  radiological  agents  in  water. 


Wate.*  Purification  Unit,  Hand-Operated,  Kanpsack-Pack, 


Filter-Pad-iype,  l/4-GPM  (S4.t  No,  1)  is  a  direct-filtration 
device,  consisting  ossentially  of  a  hand-operated  diaphragm 
puwp  in  combination  with  a  housing  to  support  two  cellulose 
filter  pads.  Ihis  device  would  be  of  limited  value  in 
removing  chemical  agents  from  water.  It  would  'oe  f  „ison- 
ably  effective  in  reiaox/ing  most  microorganisms  from  water, 
especially  when  used  with  globaline  disinfection  tablets. 

The  device  would  be  effective  in  removing  suspended  radio¬ 
active  particles  from  water  but  would  be  ineffective  for 
removlrg  certain  dissolved  radioactive  materials.  Preliminary 
I  investigations  were  conducted  relative  to  supplementing 

i  this  unit  with  other  manually  operated  equipment  to  pro- 

i  vide  an  emergency  squad-size  urAt  with  CUR  water 

;  decontamination  capability.  Accordingly,  a  system  was 

I 

1 

I  developed  consisting  of  a  lyster  bag  for  superhjTpochlo- 

I 

r  rinatlon,  dechlorination,  and  batch  coagulation;  the 

j 

I  l/4-gpm  pad  filter  for  filtration  of  the  siperr- 

from  the  lyster  bag;  and  an  ion  exchange  cartndgs  filter 
for  demineralization  of  the  filter  effluent.  The  system 
I  proved  very  successful  in  this  study,  removing  100  percent 

I 

j  ’  of  the  radioactive  contamlmtlon  from  water. 
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CHAPTER  1* 
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CONCLUSIONS  AND  EECOMMENDATIOIo 


il.l  CONCLUSIONS 


Froa  the  results  obtained  under  this  ntv'’*-'  it  is 
concluded  that: 

1.  The  solubility  of  radioactive  debris  increased 
with  a  decrease  in  pH  and  an  increase  in  temperature,  but 
the  change  was  not  significant  in  the  pH  and  temperature 
variations  for  normal  drinking  water  supplies. 

2.  The  solubility  of  radioactive  debris  was  not 
markedly  affected  by  contact  time.  Increases  in  solubility 
with  time  were  alleviated  by  decreases  in  contamination 
through  radioactive  decay. 

3.  The  solubility  of  radioactive  de  ,ris  was  sig¬ 
nificant  enough  to  require  water  dcminer.alisp.l  L  a  *.0 
produce  drinking  water  within  the  acceptable  one  year  and 
one  month  drinking  water  tolerance  levels. 

4.  Radioactive  debris  from  surface  detonations  cam 

be  colloidal  and  remain  in  suspension  in  water  for  extended 
periods  of  tine  and  be  readily  transported  to  downstream 
water  sources. 
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5t  Emergency  type  water  purification  methods  such 
as  filtration  through  clay  and  paper,  batch  coagulation, 
filtration  through  a  cellulose  filter  disc,  and  molded 
filter  candles  effectively  reduced  radioactive  contaminants 
to  shoi-t  range  (less  than  30  day)  drinking  water  tolerance 
levels.  Higher  removals  of  activity  (approaching  100  per¬ 
cent)  were  obtained  by  the  addition  of  an  icn  e;.-.-’;ange 
process  as  a  post  treatment  to  the  above  methods, 

6.  The  standard  IM-lUl/PDR-STd  Radiacmeter  end  the 
CDV-700  meter  can  be  used  satisfactorily  in  the  field  to 
qualitatively  determine  whether  water  supplies  are  above 
or  below  the  drinking  water  tolerance  levels  and  to 
assist  water  point  operation  relative  to  adequacy  of  the 
operating  water  decontamination  procedures. 

1* .  2  RECOMMENDATIONS 

It  is  recommended  that  the  following  additional 
studies  be  made: 

1.  Soil  Solubility  as  a  Function  of  Soil  T-:.-.  iixpose 
different  representative  soils  to  the  effects  cf  a  nucieir 
detonation  to  ascertain  the  degree  cf  water  solubility  of 
the  resulting  radioactive  component . 

2.  Fate  of  Fallout  in  a  Moving  Stream.  Admit  radio¬ 
active  fallout  to  the  headwater  of  a  moving  stream  and 
determine  its  destiny^  including  the  established  radiate f-.n 


field 


AP.'-ENDIX 


•synopsis  OF  PERTINENT  REFERENCE  REPORTS 

Formal  USAERES-  Reports  Pertaining  to  Decontamination  of 

Water  Contaminated  with  Radioactive  Mate»n.aj.s> 

{U.  S.  Amy  Engineer  Research  and  Development  j^boratories 
Fort  Belvoir,  Virginia) 


USAERDL 
RE^RT  NO. 

1275 


1313 


TITLE  OF  REPORT  WITH  BRIEF  lESCRIFTION 
"Parification  of  Water  Contaminated  with 
Radioactive  Material."  24  December  1952. 
Describes  jar  test  studies  at  the  Oak  Ridge 
National  Laboratory  using  powdered  metals, 
clay,  coagulants,  and  ion  exchange  resins 
for  the  removal  of  reactor-produced  fission 
products  and  selected  radiolsctcpsi.  from 
water.  Also  evaluates  Watf '  .purification 
Set  No.  2,  an  experimental  Erdlator,  and 
mixed  bed  ion  exchange  column  for  de¬ 
contaminating  contaminated  water. 

"Removal  of  Radioactive  Materials  fVom 
Contaminated  Water  by  Thermocompression 
Distillation."  28  August  1953« 

Describes  the  use  of  a  60  GPH  thermocompression 
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distillation  unit  for  rcnoviiig  fission  products 
anti  significant  individual  radioisoxopes  from 
water  at  the  Oak  Ridge  National  Laboratory. 
“Removal  of  Radioactive  Substance  from  Water 
by  Ion  EScchant'S  Processes."  11  June  195^* 
Dascribss  laboratoii  ion  exchange  studies  and 
a  pilot  size  ion  exchange  column  f-  •  removing 
fission  products  and  significant  i  -tiioisotopes 
from  water. 

"Removal  of  Radiological  Warfai’e  Agents  from 
Water."  22  April  1955* 

Describes  the  removal  of  aged  fission  pro¬ 
ducts  and  selected  radioisotopes  of  radio¬ 
logical  warfare  signiff^cance  from  water  by- 
coagulation,  by  clay  absorption,  and  by  ion 
exchange.  Equipment  evaluated  includes  60 
GPH  themoconpression  distillation  un.-.t, 

Water  Purification  Set  flo.  1,  ana  a  field 
expedient. 

"Removal  of  Radioacb.ve  M.4oerials  from  Water 
by  Water  Purification  Unit,  Hand-Operated, 
Knapsack-Pack i,  Filter-Pad-Typo,  l/i*  GFM, 


and  by  a  Field  Expedient,"  19  May  1955« 
Describes  evaluation  of  Water  Purification 
Set  No.  1  for  removing  radio"ctive  substances 
from  water.  Removals  of  fl5-95  percent  of 
fission  products  indicated  »d.th  clai-  pretreat¬ 
ment.  Also  describes  a  field  t^-p^.ent 
consisting  of  a  column  packed  witn  clay, 
humus,  and  vegetation  vrtiich  re-.  :vad  85-95 
percent  of  fission  product  activity. 

"Removal  of  Radioactive  Contaminants  from 
Water  with  the  Corps  of  Engineers  Mobile 
Water  Purification  Unit."  2?  May  1955* 
Describes  field  operation  of  1800  GPH 
Mobile  Water  Purification  Unit  at  the  Oak 
Ridge  National  Laboratory  for  removing' 
fission  product  activity  from  water  by 
conventional  processing,  by  pretrec tment 
with  clay,  and  by  post-treatne.Tt  \»ith  ici 
exchange  resins. 

"The  Removal  of  Radioactive  Material  from 
Water  by  Serial  Coagulation,  by  Ion  'Exchange 

and  by  Charcoal  Adsorption."  22  June  1956.  . . 

Describes  laboratory  studies  at  the  Oak 


Ridge  National  Laboratory  fcr  removing  radio¬ 
active  substances  fi'ota  water  hy  serial 
coagulation  with  various  coagulant  cotnbind- 
tirns,  by  ion  exchange,  by  adsorption  on 
activated  bone  charcoal. 

1*^92-RR  "Ion  Exchange  for  Removal  of  Radio/;uolides 

from  Water."  7  August  1957* 

Describes  the  use  of  ion  exchange  equipment 
for  removing  fission  product  activity  from 
water. 

1569-TR  "Solubility  Characteristics  of  Radioactive 

Bomb  Debris  in  Water  and  Evaluation  of 
Selected  Decontamination  Procedures." 

12  Februaiy  1959. 

Describes  work  conducted  at  the  Nevada  Test 
Site  under  Operation  Plujribbob  using  bc.nb 
debris  obtained  from  ESiot  Pr?s'‘’'_ia.  Debris 
was  subjected  to  a  laboratory  stuoy  of  its 
solubility  characteristics  in  water,  followed 
by  an  evaluation  of  coagulation,  adsorption. 
Ion  exchange,  and  other  processes  for  removing 
the  debris  from  water. 
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1613-RR  “Decontamination  of  Water  Contaminated  with 

Plutonium."  12  January  i960. 

Describes  experiments  conducted  at  the  Los 
Alamos  Scientific  Laboratory  e'.'^J'aating  the 
1500  uPH  Mobile  Water  Purification  Unit  for 
removing  plutonium  from  water.  Also  describes 
pilot  scale  work  on  the  decontamination  effi¬ 
ciency  of  softening,  carbon  adsorption,  and 
ion  exchange  processes. 

1673- HR  "Removal  of  Nuclear  Bomb  Debris,  Strontium 

$0  -  Yttrium  90 »  and  Cesium  137  -  Barium  137 
trout  Water  with  Corps  of  Engineers  Mobile 
Water  Treating  Equipment."  23  May  1961. 

Covers  experiments  conducted  at  the  Nevada 
Test  Site  studying  the  I5OO  GPH  MoViic  Water 
Purification  Unit  and  the  IjOZ  UPH  Mobile  Ion 
Exchange  Unit  for  resioving  from  wat^r  1-year 
old  nuclear  bomb  debris  ground  to  3  microns 
average  particle  size.  Also  covers  the 
removal  of  solxible  Strontium  90  -  Yttrium  90 
and  Cesium  I3?  -  Barium  137« 


65 


1702-rk 


"Removal  of  Chemical,  Biological,  and  Radio¬ 
logical  Contaminants  from  Water  with  Corps 


of  Engineers  Field  Water  Supply  Equipment." 

12  December  1961. 

Summarizes  and  applies  to  field  use,  research 
data  obtained  on  the  removal  of  .•‘b  imical, 
biological,  and  radiological  agents  from 
"ater.  Discusses  the  problem  and  covers 
maximum  permissible  concentrations, 
detection,  water  decontamination  equipment 
and  meiiieds,  protective  clothing,  and  equip¬ 
ment  decontamination. 
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